Clear cell adenocarcinoma (CCA) in the urinary tract is a rare neoplasm morphologically identical to the Müllerian counterpart. Clear cell adenocarcinoma is extremely rare in the upper urinary tract. We present a case with CCA of the renal pelvis. Microscopically, the tumor exhibited exophytic growth with predominantly tubulocystic structures, as well as solid and papillary patterns. The neoplastic cells were cuboidal with clear to pale eosinophilic cytoplasm and abundant intracellular and extracellular eosinophilic hyaline globules. By immunohistochemically, the tumor was labeled by cytokeratins and hepatocyte nuclear factor-1β. The patient was still alive without evidence of recurrence in the follow-up period of nineteen months after diagnosis.
Introduction
Clear cell adenocarcinoma (CCA) usually occurs in the female genital tract -vagina, uterine cervix, endometrium and ovary, as a distinct entity. In the urinary system, CCA is a rare neoplasm resembling its Mül-lerian counterpart and usually found in the lower urinary tract, predominantly the urethra, of women [1, 2] . In contrast to the poor prognosis of CCA of the female genital tract, CCA of the lower urinary tract is not as aggressive as initially believed. Many of these tumors have an exophytic growth pattern; therefore, they may be diagnosed at an early stage and have a relatively good prognosis [3] . Clear cell adenocarcinoma arising in the upper urinary tract is extremely rare. To the best of our knowledge, only one case has been reported in the English literature [4] . Herein, this report describes a CCA of the renal pelvis, which is the second documented case of this distinct variant of urinary tract neoplasms in the upper urinary tract.
Case report
A 43-year-old woman presented to the hospital with a complaint of intermittent episodes of painless gross hematuria for one month. Computed tomography (CT) (Fig. 1) . The patient received surgical intervention of right nephroureterectomy for treatment. She also has been followed up clinically as well as by serial CT imaging of the abdomen. She was alive without evidence of recurrence 19 months after surgery.
Pathological findings
The received right kidney measured 10.0 cm × 7.0 cm × 6.0 cm and weighed 140 g. On the cut section, a protruding, fragile, yellowish-white mass, measuring 6.5 cm × 5.5 cm × 5.4 cm, was noted occupying the renal pelvis and compressing the renal parenchyma. Histological examination showed an exophytic tumor arising from the renal pelvis without subepithelial stromal invasion ( Fig. 2A) . The tumor was composed predominantly of tubulocystic structures (Fig. 2B ) while solid areas ( Fig. 2C ) and papillary structures (Fig. 2D) were also seen. The neoplastic cells were cuboidal with clear to pale eosinophilic cytoplasm (Fig. 2E ) and abundant intracellular and extracellular eosinophilic hyaline globules (Fig. 2F) . Moderate cytological atypia, irregular nuclear membrane and prominent nucleoli were also observed (Fig. 2F) . Hobnail-like cells were occasionally seen (Fig. 2D) . Neither regional lymph node nor concurrent urothelial carcinoma was identified. The pathological stage for the right renal pelvic tumor was pTaN0MX according to the latest American Joint Committee on Cancer (AJCC) Cancer Staging Manual [5] .
Immunohistochemically, the tumor cells were strongly immunoreactive to cytokeratin 7 (Fig. 3A) , low-molecular-weight cytokeratin (Fig. 3B) , high-molecular-weight cytokeratin (Fig. 3C ) and hepatocyte nuclear factor (HNF)-1β (Fig. 3D ).
Discussion
Clear cell adenocarcinoma in the urinary tract is a rare neoplasm predominantly occurring in the lower urinary tract, especially the urethra, of females. This distinct neoplasm is morphologically identical to that of the same name that arises in female genital organs. The histogenesis of CCA of the urinary tract has remained controversial. The four prevailing theories includef mesonephric origin, Müllerian origin, urothelial origin and malignant transformation of nephrogenic adenoma. Clear cell adenocarcinoma of the urinary tract was initially assumed to be of mesonephric origin and was designated as mesonephric carcinoma [6] . A possible renal tubular cell differentiation/mesonephric origin was also described by some authors due to the immunohistochemical profile in their study [7] . Because of the histological similarities with the homonymous tumor of the female genital tract and the marked predominance of CCA of the lower urinary tract as well as the associated endometriosis and Müllerian duct remnants in some cases, the tumor was considered to be of Mül-lerian derivation by some authors [3, 8, 9] . Clear cell adenocarcinoma was also postulated to be of urothelial origin. In a recent study [10] , CCAs exhibited genetic aberrations identical to those commonly observed in urothelial carcinoma by fluorescence in situ hybridization assays. A common clonal origin was also proved in two cases with concurrent CCA and urothelial carcinoma by X-chromosome inactivation analysis [10] . Finally, nephrogenic adenoma is an important differential diagnosis of CCA. Occasional cases with morphological or molecular evidence for progression of nephrogenic adenoma of the urinary bladder to CCA have been reported [11, 12] .
Clear cell adenocarcinoma is extremely rare in the upper urinary system. There has been only one case re- [4] . Unlike the relatively favorable clinical outcome of the present case, this 73-year-old woman suffered from multiple pulmonary metastases and eventually died of the disease five months later. In contrast, the present patient was still alive without evidence of disease at 19-month follow-up. The discrepancy between the different clinical behaviors of the same tumor type arising in the identical anatomical location may be due to the low tumor stage (pTaN0MX) of the present case. To the best of our knowledge, this report documents the second case of CCA in the upper urinary tract, and also the first case of CCA confined to the renal pelvis.
Hepatocyte nuclear factor (HNF)-1β is a transcription factor that is normally expressed in the liver, gastrointestinal tract, pancreas, and kidney, and is involved in the regulation of glucose homeostasis, glycogen accumulation, and anti-apoptosis [13] . Up-regulation of HNF-1β was first identified in ovarian CCAs in terms of both mRNA and protein level [14] . After that, HNF-1β was also investigated as a sensitive and specific marker for both ovarian and endometrial CCAs, whereas other subtypes of tumors arising in these regions rarely expressed this marker by immunohistochemical study [14, 15] . Recently, HNF-1β has also been investigated as a useful marker in differentiating CCAs of the bladder/urethra from urothelial carcinoma and other types of bladder adenocarcinoma [2] . In this study, all 18 CCAs exhibited nuclear staining in more than 90% of tumor cells. This specific finding identical to gynecologic CCAs may point to a Mülleri-an derivation/differentiation. To our knowledge, our study documents the first upper urinary tract CCA showing HNF-1β immunostaining. However, from a differential diagnosis standpoint, HNF-1β may only serve as a marker to differentiate CCA from other primary tumors of the urinary tract, but not metastatic CCA from the female genital tract or primary clear cell renal cell carcinoma [16] .
In conclusion, we have reported a rare case of primary CCA, which is the first documented case confined to the renal pelvis. The histomorphology and immunohistochemical features of our case were identical to the female genital tract and lower urinary tract counterparts. HNF-1β, a sensitive and fairly specific marker for CCAs of the female genital tract and lower urinary tract, may be useful for the diagnosis of the same type of neoplasm occurring in the upper urinary tracts.
